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INTEGRATED FIELD FLATTENER FOR SENSORS 
TECHNICAL FIHLD 

|0001] The present in\enlion is directed generalK to field tlatteners for im- 

pro\ ing the image qualit\ of lenses, and. more particularly, to field Hatteners integral 
with a sensor. 

BACKGROLND AR l 

[0002] Solid-state optical sensors find a \ariet\ of uses, such as in \ ideo cam- 

eras, digital still cameras, desktop scanners, bar-code readers. securit\' scanners, and the 
like. Such de\ ices ordinaril\ comprise a lens or other image-forming element capable of 
capturing the light from a scene or subject and focusing or projecting the light onto a 
surface that is capable of sensing the light. This surface t\picalK' comprises an array of 
tiny sensor elements, such as charge-coupled-de\ ices (CCDs) or complementar\' metal 
oxide semiconductor (CMOS) photoreceptors. 

[0003] These sensors t\"picall> comprise planar, rectangular matrices, or arrays. 

of photoelectric transducer elements labricated on the surface of semiconductor sub- 
strates. t\picalK' silicon, by known photolithographic techniques, that are capable of 
con\*erting the light energy incident upon them into electrical signals on an element-b\'- 
element, or pi\el-by-pixel. basis. These signals, usualh' digital in nature, include infor- 
mation pertaining to. for example, the intensit\'. color, hue. saturation, and other attrib- 
utes of the incident light. 

[0004] The sensor ami} substrates are t>picall\ indixidualh packaged in an 

hemieticalK sealed package ha\ ing signal input output temiinals and a clear glass or 
plastic lid. or w indow , that exposes the light-sensiti\ e elements of the sensor below it to 
the incident light. I:xamples of such packages are disck^sed in L.S. Patent 6. 117.L)3. 




entitled "Optical Sensor Arra> Mounting and Alignment" and issued on September 12. 
2()()(). to rhomas W Glenn and in l .S. Patent 7.117.705. entitled "Method of Making 
Integrated Circuit Package Ha\ ing Adhesixe Bead Supporting Planar Lid Aho\e Planar 
Substrate" and issued on September 12. 2000. to I homas P. Glenn et al. 
|0005] In r.S. Patent 6.117.193, the transparent window ma\ comprise glass, 

quartz, diamond, sapphire, or a clear, hard plastic, such as an acr> lic. If the w indow is 
secured to the semiconductor package prior to subsequent exposure to ele\ated tem- 
peratures, such as experienced in solder re-tlow operations, then use of a plastic such as 
an acr\'lic for the window would subject this thermoplastic material to possible distor- 
tions from the heat. I hus, while a material such as glass, quailz. diamond, sapphire, or 
the like might be suitable as the transparent w indow, it is clear that the use of thermo- 
plastic materials is contraindicated. 

[0006] The image quality of the lenses used w ith CMOS packaging is l\pically 

controlled b\' the number of lens elements in the design. Additional elements w ill t\'pi- 
calK' provide impro\ ed image quality . but w ill increase the cost. size, and weight of the 
lens assembl\ . 

|0007] Thus, there is a need for a reconfigured CMOS (or CCD) package that 

emplo\s a transparent window that will also correct aberrations of the lens while not 
adding weight or bulk to the o\ erall package. 

DISCLOSURE OF INVENTION 

|00081 In accordance with the present in\ention. an integrated circuit package 

including an optical sensor arra\ is pro\ ided w ith a transparent w indow comprising a 
plastic that is resistant to the ele\ated temperatures found in semiconductor processing, 
such as found in subsequent solder re-tlow to attach the package to a microelectronics 
board, and is configured as a lens, to impro\ e the image quality of the image incident on 
the sensor. In particular, a thermc\sct plastic material, such as an epox\ transfer clear 
niolding compound, is employed as the lens. 




[0009] In one preferred enibodiment. a field tlaltener lens is incorporated into 

the window to form an integral element that also acts as an hemietic seal. fhus. the field 
Hattener is made integral with the sensor. 

[OOIOJ The ihermosel lens pro\ides two functions: ( 1 ) it impro\es the image 

qualitx: and (2) it protects the sensor from damage and contamination. This protection is 
nomialK pro\ ided b\ a glass w indow on the sensor, hut is no longer neeessar\ b\ \ irtue 
of the present inxention. in which the thermoset lens (e.g.. field Hattener) replaces the 
glass w indow . 

[0011] Other objects, features, and ad\ antages of the present in\ ention w ill be- 

come apparent upon consideration of the following detailed description and accompa- 
n\ ing drawings, in which like reference designations represent like features throughout 
the FIGL'Rh:S. 

BRIEV Di;SCRIPTION OF- l liH DRAWINGS 

[0012] fhe drawings referred to in this description should be understood as not 

being drawn to scale except if specificalh noted. 

[0013] PIG. 1 is a cross-sectional \ iew. depicting an hermetically-sealed pack- 

age containing a die. such as a CMOS or CCD sensor, sealed with an integral field flat- 
tener and transpai*ent window : and 

[0014] FIG. 2 is a \ iew similar to that of FIG. 1. but also showing an exploded 

\ iew of an embodiment of the present inx ention directed to alignment mounting features 
of the field llattener w ith a lens assembly. 

BFST MODFS FOR CARRYING Ol' I THF IN VFNTION 

[0015] Reference is now made in detail to a specific embodiment t^f the present 

in\ention. which illustrates the best mode presenth contemplated b\ the in\entors for 
practicing the in\ ention. .-Mtemati\ e embodiments are also brietlN described as applica- 
ble. 
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|0016] In a specific embodiment, depicted in 1 Kf. 1. the present in\eniion con- 

sists of a tleld Hattening lens 10. usuall> a negatix e power lens, which is integral w ith a 
sensor package 12 containing a die 14. I he die 14 is commonly a sensor, such as a 
CMOS (complementar> metal oxide semiconductor) or CXI) (charge coupled de\ice). 
Such sensors are w ell-know n, and do not form a part of the present inx eniion. 
[0017] I' ield tlatteners are used to improx e the image e|ualit\ of lenses. I hcN are 

usualh part of the lens sx stem. The field tlattener 10 of the present in\ enlion replaces 
the glass co\ er pkite that is typicalh used to protect the sensor 14 from damage and 
contamination. 

[0018] The field tlattening lens 10 of the present in\ ention operates by intro- 

ducing the convct amount of field cur\ ature to balance that of a lens positioned in front 
of it. AUhough show n in FIG. 1 wherein one surface 10a is cur\ ed and the opposite sur- 
face 10b is Hat. the field tlattening lens 10 ma\* ha\*e one or two spherical, aspherical. or 
diffracti\e surfaces. Yhc lens 10 may also ha\e h\brid surfaces consisting of diffracti\e 
and or refract i\e micro lenses or antialiasing features. 

[0019] l^he field tlattener 10 ma\ also prox ide other functions, such as mechani- 

cal alignment, Ahgnment features or mounting features max be integral \xith the field 
flattening lens. For example, as shovxn in FIG. 2. bumps or cones 16 could be molded 
into the edges of the field tlattener 10. Hiese xxould interlace, or mate, xx ith similar, re- 
ceptixe. teatures 18 on a lens assemblx' 20 to proxide alignment. These features 16, 18 
could prox ide centration and tilt alignment ol^the lens assembly 20 to the tleld tlattener 
10. Of course, the teatures could be rex ersed. xx ith the bumps or cones 16 on the lens as- 
sembly 20 and the receptix e features 18 on the field tlattener 10. 

[0020] t he lens 10 of the present inxenlion comprises a transparent thermoset 

plastic, such as an epoxx transfer clear molding compound. An example of such com- 
pounds is axailable from Nitto Denko America. Inc. (Fremont. CA) under the trade 
designation N 1-300 and N I -301 1 1. These compounds are selt-releasing, fast cure, 
transparent epoxx resins. 

[0021] I he lens 10 is formed bx' a themioset molding process, adx antageously 

using pellets as the starting material. Specificallx. indixidual components are formed 



into pellcls and then react when exposed to high temperatures on the order of 145° to 
16(PC (reeonimended niold condition). The maximum reaction temperature (for use as 
an optical element) is less than 165^C : this is the temperature at which the resin he- 
comes cloud) . thereh\ ad\ ersel> affecting the optical transmission of the molded lens. A 
5 post-mold curing time of 2 hours is required, and the molded piece will yellow during 
curing if the o\ en conditions (curing time and a constant curing temperature in the range 
of 150^ to 160"^^) are not appropriateU controlled. The molded lens is then cooled to 
ambient temperature, such as room temperature (e.g.. about 23°C). 

[0022] The pellets are heated up in a mold abo\ e a certain temperature, where a 

10 chemical reaction occurs to form the ihemioset plastic. Once the chemical reaction oc- 
curs, the thermoset plastic lens 10 will not melt at an\- temperature, but rather will bum 
at some ele\ ated temperature. The temperature of burning is t\picall\ higher than the 
melting temperature of a thermoplastic material and is also higher than the temperatures 
to which the die 14 and package 12 ma>' be subjected to in subsequent processing. 
15 [0023] Other opticalK transparent themiosetting compounds are known: see. 

e.g.. U.S. Patent 5.548.675 (opticalh transparent ferrule: epox\- resin) and U.S. Patent 
5.880.800 (optically transparent protectixe film: acr\lic, urethane. acr\lurethan, epoxy. 
and silicone resins). To the extent that these additional thermoset resins are moldable 
into lenses 10 of the present in\'ention and retain the requisite optical transparency fol- 
2 0 low ing molding, they are also useful in the practice of the present inx ention. Of course, 
lenses molded from such thermosetting compounds must be thermal h' resistant to the 
temperatures commonly found in subsequent semiconductor processing. 

INDUSTRIAL .APPLICABll J l Y 

[0024] The thermoset lens of the present inx ention is expected to find use in 

hemieticalh sealing sensor packages. 

[0025] Thus, there has been disclosed a thermoset lens, such as a field fiattener. 

: I integrated with an hemieticalK -sealed sensor package. It will be readiK apparent to 
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those skilled in this ail that \ arious changes and modifications of an ob\ ioiis nature max 
he made, and all such changes and modifications are considered to tall within the scope 
of the present in\ ention. as defined by the appended claims. 



